Regulator of G-protein signaling 4 (Rgs4) regulates the strength and duration of G-protein signaling, and plays an important role in cardiac development, smooth muscle contraction and psychiatric disorders. Rgs4 expression is regulated at both mRNA and protein levels. In order to examine the transcriptional mechanism of Rgs4 expression, we have cloned and characterized rabbit Rgs4 promoter. The coding sequence of rabbit Rgs4 was obtained by degenerative RT-PCR and used for Northern blot and 5′-RACE analysis. A single transcript was identified in rabbit colonic smooth muscle cells. The 5′-untranslated region (UTR) extended 120 bp nucleotides upstream of the Rgs4 start codon. A putative promoter sequence (1389 bp) showed a consensus TATA box and cis-acting binding sites for several potential transcriptional factors. Reporter gene assay identified strong promoter activity in various cell types. Further analysis by deletion mutagenesis suggested that the proximal region had a highest core promoter activity while the distal region is suppressive. IL-1β significantly increased the promoter activity. The in vitro and in vivo binding activities for NF-κB transcription factor were validated by electrophoretic mobility shift assay and chromatin immunoprecipitation assay respectively. Mutation of NF-κB site reduced the promoter activity. These data suggest that the cloned rabbit Rgs4 promoter is functionally active and NF-κB binding site possesses enhancer activity in regulating Rgs4 transcription. Our studies provide an important basis for further understanding of Rgs4 regulation and function in different diseases.
Introduction
Signal transduction is a key process of converting one signal to another, leading to a series of signaling reactions. One critical class of signal transduction pathways is the signaling controlled by the guanine-nucleotide-binding heterotrimeric proteins (Gαβγ proteins). G-protein-coupled receptors (GPCRs) are involved in a vast array of physiological and pathological processes. Regulators of G-protein signaling (RGS) proteins belong to a large family of highly diverse, multifunctional signaling proteins, which share a conserved signature domain (RGS domain) that binds directly to the activated Gα subunits. RGS terminates G-protein signaling by accelerating intrinsic GTPase activity of Gα and thereby fostering re-association of the Gαβγ trimer (Riddle et al., 2005) . Over 30 mammalian RGS family members have been described so far, and classified into seven subfamilies based on sequence identity and functional similarities (Willars, 2006; Xie and Palmer, 2007) . Rgs4 is one of the most extensively studied RGS proteins at the structural, biochemical, and cell biological levels (Riddle et al., 2005; Levitt et al., 2006; Willars, 2006; Roman et al., 2007; Xie and Palmer, 2007) . Rgs4 regulates the strength and duration of the Gα i/o and Gα q/11 family members (Huang et al., 1997; Hao et al., 2006) . However, the transcriptional and posttranscriptional regulations of RGS proteins are not well understood.
The expression and function of Rgs4 have been studied in cardiomyocyte (Mittmann et al., 2002; Lee et al., 2005; Hao et al., 2006) , nerve tissue (Krumins et al., 2004) and cancers (Nikolova et al., 2008; Hurst et al., 2009; Xie et al., 2009) , whereas little is known in smooth muscle cells. In cardiomyocyte, Rgs4 expression is induced by endotoxin and interleukin (IL)-1β (Patten et al., 2002; Patten et al., 2003) and may contribute to the loss of Gα q -mediated activation of phospholipase C by endothelin-1 (Mittmann et al., 2001 ). In the central nervous system, Rgs4 is linked to schizophrenia (Harrison and Weinberger, 2005; Erdely et al., 2006; Levitt et al., 2006; Lipska et al., 2006; Bowden et al., 2007 ), Alzheimer's disease (Emilsson et al., 2006) and Huntington's disease (Runne et al., 2008) . However, the reports on the expression levels of Rgs4 under various neuropathologic conditions remain inconsistent (Guo et al., 2006; Li and He, 2006; Rizig et al., 2006; van Gemert et al., 2006a; Stuart Gibbons et al., 2008) . In neuronal cell line, expression of Rgs4 is reduced after treatment with nerve growth factor (Krumins et al., 2004) , cAMP (Pepperl et al., 1998) or camptothecin (Song and Jope, 2006) , whereas opioid receptor agonists lead to an increase in Rgs4 mRNA expression (Zarnegar et al., 2006) . Administration of corticosterone to adult rats decreased the level of Rgs4 mRNA in the paraventricular nucleus of the hypothalamus, and increased the levels in locus coeruleus (Ni et al., 1999) , but had no effect in the hippocampus (van Gemert et al., 2006a; van Gemert et al., 2006b ). Rapid kindling leads to an increase of Rgs4 mRNA in hippocampus and forebrain, but not in brainstem or cerebellum (Liang and Seyfried, 2001 ). Rgs4 expression is downregulated in prefrontal cortex and striatum by neonatal status epilepticus (Lin et al., 2009) . In rat adrenal glands, Rgs4 is upregulated by aldosterone secretagogues, both in vivo and in vitro (Romero et al., 2007) . Rgs4 mRNA is expressed only in glial cell linederived neurotrophic factor (GDNF)-responsive neurons (Costigan et al., 2003) . These studies suggest a complicate regulatory mechanism for Rgs4 expression and function.
In vascular smooth muscle cells, Rgs4 is highly expressed at mRNA level (Cho et al., 2003) , which is passage-dependent (Hendriks-Balk et al., 2008) . Activation of the nuclear hormone receptor peroxisome proliferator-activated receptor delta (PPARdelta) leads to the increase of vascular Rgs4 expression (Takata et al., 2008) . In our previous studies, we demonstrate for the first time that Rgs4 expression is increased in rabbit intestinal smooth muscle cells after IL-1β treatment. These findings suggest that Rgs4 expression is regulated by inflammatory mediators and stress responses.
However, the molecular mechanisms and signaling pathways for Rgs4 regulation remain elusive. At the protein level, Rgs4 is regulated by the N-end rule pathway (Bodenstein et al., 2007) . At the mRNA level, Rgs4 is regulated by a neural type-specific transcription factor Phox2b (Grillet et al., 2003) . Our recent studies demonstrate that IL-1β-induced up-regulation of Rgs4 is transcription-dependent, mediated by the canonical IKK2/IκBα pathway of NF-κB activation (Hu et al., 2008) , and differentially modulated by MAPK and PI3K/Akt/ GSK3β pathways (Hu et al., 2009) .
Genetic studies identified four common single-nucleotide polymorphisms (SNPs) for schizophrenia between the 5′ upstream sequence and the first intron of human RGS4 (Chowdari et al., 2008) , suggesting that nucleotide change in the promoter region may affect Rgs4 promoter activity. Recent studies discovered 5 splice variants of human RGS4 and 3 splice variants of mouse Rgs4 (Ding et al., 2007) , implying the complicate transcriptional regulation and promoter alternatives. However, the sequences of rabbit Rgs4 gene and promoter are not known. Here we report the cloning and characterization of rabbit Rgs4 gene and promoter. These studies provide an important basis to understand the transcriptional mechanism of Rgs4 regulation.
Materials and methods

Cell culture
Rabbit colonic smooth muscle cells were isolated and cultured as previously described (Murthy and Makhlouf, 1997; Hu et al., 2007) . Briefly, distal colon from euthanized New Zealand White rabbit (2 ∼ 2.5 kg) following IACUC guidance at Temple University was placed in HEPES-buffered smooth muscle media. The circular and longitudinal smooth muscle layers were dissected under stereo microscope and treated with 0.1% collagenase (type II) and 0.1% soybean trypsin inhibitor for 30 min at 31°C. The isolated single muscle cells after several rounds of spontaneous dispersion were harvested by filtration through 500-μm Nitex and centrifuged twice at 350 × g for 10 min. The isolated smooth muscle cells were plated in 10-cm dish with DMEM containing 10% fetal bovine serum and 1% antibiotics and antimycotics. After 10-14 days, the smooth muscle cells attained confluence and were then passaged once for use in various experiments.
HEK293T and Hela cells were cultured in DMEM containing 10% fetal bovine serum and 1% antibiotics.
Cloning of rabbit Rgs4 coding sequence by degenerative RT-PCR
Total RNA was extracted from cultured rabbit colonic smooth muscle cells using the Trizol reagent (Invitrogen, Carlsbad, CA). The potentially contaminated genomic DNA was removed by treating 10 μg of RNA sample at 37°C for 30 min with 1 μl of TURBO DNase (Ambion, Austin, TX) followed by extraction with phenol/chloroform/isoamylalcohol (25:24:1). Two micrograms of RNA was used to synthesize cDNA using SuperScript II reverse transcriptase (Invitrogen) with random hexanucleotide primer.
Conventional PCR was performed on the cDNA using HotMaster™ Taq DNA polymerase (Eppendorf), which generates 3′-A overhang for T-A cloning. The degenerative primer sequences were obtained by comparing the coding sequence of Rgs4 from human, mouse and rat. The nucleotide sequences of the forward and reverse primers are shown in Table 1 . The PCR reaction was heated at 94°C for 2 min, and then cycled 30 times at 94°C for 30 s, 55°C for 45 s, and 72°C for 1 min. Reaction products were analyzed by electrophoresis on 1% agarose gel. The band of predicted size was purified and cloned into pCRII-TOPO T-A vector (Invitrogen) for confirmation by sequencing using T7 and SP6 primers.
Northern blot
Ten micrograms of total RNA from cultured rabbit colonic smooth muscle cells was separated by 1.2% denaturing agarose gel electrophoresis and transferred to a positively charged nylon membrane. The PCR probe of the coding sequence of rabbit Rgs4 was labeled by random priming with [ 32 P]dCTP. Hybridizations were conducted in the ExpressHyb hybridization solution (Clontech) at 65°C for 2 h according to the manufacturer's protocol.
Rapid amplification of cDNA ends (RACE)
The 5′ ends of rabbit Rgs4 transcripts were identified by using SMART RACE cDNA amplification kit (BD Biosciences, Clontech, Palo Alto, CA) following the manufacturer's instructions. PCR was carried out using the reverse primer of rabbit Rgs4 as described above (Table 1 ) and the universal primer provided in the kit. The PCR products were gel-purified and cloned into the pCRII-TOPO T-A vector (Invitrogen), and the nucleotide sequence of independent clones was determined by sequencing.
Promoter cloning and vector construction
Genomic DNA was extracted from rabbit intestine using Wizard ® SV genomic DNA purification system (Promega). The 5′-untranslated region (UTR) sequence of rabbit Rgs4 identified by 5′-RACE was used to blast the draft assembly of rabbit genome (http://genome-test.cse. Table 1 Primer sequences.
Target
Forward (F) and reverse (R) nucleotide sequence
ucsc.edu/). Various pairs of primers against the blasted sequence of Rgs4 5′-flanking region were designed for PCR cloning using rabbit genomic DNA as PCR template. A fragment of − 1389 / + 50 (from the putative transcription initial site) with single 3′-dA overhangs was generated by PCR using sense and antisense primers (Table 1) and non-proofreading thermostable DNA polymerase (HotMaster™ Taq). This fragment (designed as Rgs4-P1) was inserted by T-A cloning into the lineated promoter-less pMlu3 AccepTor vector at EcoRV of multiple cloning sties upstream of the secreted renilla luciferase reporter (EMDBioscience/Novagen). The direction and sequence of the insert were validated by sequencing with upstream and downstream vector primers (Table 1) .
Various deletion constructs of pMluc3-Rgs4-P1 were generated through digestion, blunting and ligation by analyzing and combining the digestion sites within the insert and the backbone vector. The mutants pMluc3-Rgs4-P2 (−962 to + 50) and pMluc-Rgs4-P3 (−1389 to −816) were generated by single digestion with PstI and HindIII respectively followed by ligation. The mutant pMluc-Rgs4-P4 (−247 to +50) was generated by double digestion with XhoI/XbaI followed by blunting and ligation, which does not affect the sequence of Rgs4-P4.
Site-directed mutagenesis
Potential transcription factor binding sites within Rgs4 promoter were identified by MatInspector (http://www.genomatix.de) and TFSEARCH (http://www.cbrc.jp). Mutation of the binding site for the transcription factors in the reporter vector construct was performed by site-directed mutagenesis using the QuikChange kit (Stratagene). Mutagenic primers as shown in Table 1 led to nucleotide change in entire binding site for transcriptional factor. Mutation was confirmed by nucleotide sequencing.
Cell transfection and reporter assays
All the vectors for mammalian expression were prepared with EndoFree Plasmid Maxi kit (Qiagen). Cells (2-4 × 10 4 /well) cultured on 96-well plate were transfected with the renilla luciferase reporter constructs and 1:10 normalization firefly luciferase vector pGL4-CMV (Promega) using Lipofectamine-2000 kit (Invitrogen). The transfection efficiency of rabbit smooth muscle cells (∼ 60%) is determined using pEGFP-N1 vector (BD Biosciences Clontech). After incubation for the indicated time periods in the absence or presence of stimulators, the media were harvested for measurement of renilla luciferase activity and at the end the cell lysate was used for measurement of firefly luciferase activity. The renilla luciferase was determined with renilla luciferase assay kit (Promega). The firefly luciferase was determined with ONE-Glo luciferase assay system (Promega). Data are normalized by dividing renilla luciferase activity with that of the corresponding firefly luciferase activity. Four to eight separate experiments were conducted and, in each experiment, data are calculated as the average of 4-6 samples.
Chromatin immunoprecipitation assay
Chromatin immunoprecipitation (ChIP) assay was performed according to the manufacturer's protocol (Upstate Biotechnology Inc., Lake Placid, NY). Smooth muscle cells were cultured in 10-cm dishes until full confluence and serum-starved overnight. IL-1β (Alexis Biochemicals) was added at 10 ng/ml and incubated for 3 h. The DNA-chromatin of cells were cross-linked by the addition of 280 μl of 37% formaldehyde to 10 ml of culture medium for 10 min at room temperature and stopped with 0.125 M glycine. Cells were washed twice with PBS and harvested with 1 ml of SDS lysis buffer containing protease inhibitors. After sonication and centrifugation, the supernatants were used for standard immunoprecipitation with anti-p65 antibody or control IgG. The immune complexes were eluted, reverse cross-linked using 5 M NaCl, and purified by phenol/ chloroform extraction. Ethanol-precipitated DNA pellets were redissolved in Tris-EDTA buffer. The supernatant of an immunoprecipitation reaction carried out in the absence of antibody was purified and diluted 1:100 as total input DNA control. PCR was carried out on 1 μl of each sample using sense and anti-sense primers against the promoter of interest. PCR products were analyzed on 1 % agarose gels and images were analyzed with NIH ImageJ densitometric measurements. Relative changes were calculated with the mean density after background subtraction.
Results
Single transcript of rabbit Rgs4 in gut smooth muscle cells
Since rabbit Rgs4 sequence is not available, we performed degenerative PCR to obtain the coding sequence of rabbit Rgs4. The coding sequence was selected because of its high homology between human, mouse and rat. A pair of degenerative primers was designed based on the available Rgs4 coding sequence. RT-PCR using total RNA from cultured rabbit colonic smooth muscle cells generated a single product of predicted size. T-A cloning and sequencing of this PCR product confirmed the coding sequence of rabbit Rgs4 with a correct open-reading frame (Genebank access number NM_001082214), which shares 92%, 90% and 89% identity with coding sequence of human, rat and mouse Rgs4 respectively. Northern blot analysis of Rgs4 mRNA expression in rabbit colonic smooth muscle cells was performed using this coding sequence as a probe. As shown in Fig. 1A , one single band of around 2.8 kb transcript was detected in both circular and longitudinal colonic smooth muscle cells after treatment with IL-1β for 3 days. However, Rgs4 transcript was undetectable by Northern blot analysis in cultured colonic smooth muscle cells at full confluence after serum starvation. These data suggest that only one transcript of Rgs4 is present in rabbit gut smooth muscle cells. The inducible expression of Rgs4 is consistent with our previous reports as determined by real time PCR and Western blot analysis (Hu et al., 2007) .
Cloning of rabbit Rgs4 5′-untranslated region (UTR) in gut smooth muscle cells
To characterize the 5′-UTR and identify the 5′-flanked sequence (promoter), we performed 5′-RACE on the cDNA from cultured rabbit colonic smooth muscle cells using the primers from rabbit Rgs4 coding sequence. As shown in Fig. 1B , a single 5′-RACE product of around 800 bp was observed, supporting the conclusion of single transcript in gut smooth muscle cells as determined by Northern blot. After confirmation by sequencing, the partial sequence of Rgs4 transcript containing the 5′-UTR and coding sequence was deposited in GeneBank with access number NM_001082214. BLAST search analysis showed that the 5′-UTR of rabbit Rgs4 shared high identity with the corresponding 5′-UTR of RGS4 from human isoform A (74%), mouse (67%), rat (66%), bovine (70%), primate (Macaca fascicularis and Pan troglodytes, 74%), pig (Sus scrofa, 73%) ( Fig. 2A) . Analysis of the open-reading frame for rabbit Rgs4 transcript identified a typical kozak translation start site and an in-frame stop codon upstream of the start codon. The sequence of 1-51 bp of rabbit Rgs4 was less conserved than the other region when compared with corresponding region of Rgs4 from other species (Fig. 2A) .
Cloning of Rgs4 promoter and comparative analysis
Using the unique 5′-UTR of rabbit Rgs4 obtained above to blast the draft assembly of rabbit genome (http://genome-test.cse.ucsc.edu/), we obtained potential promoter sequence of rabbit Rgs4. The 5′-upstream regulatory region of 1389 bp plus 50 bp of partial exon-1 was cloned by PCR from genomic DNA isolated from rabbit intestine. The cloned sequence was validated by T-A cloning and sequencing (Fig. 2B) , and deposited into GeneBank with access number (GQ848293). Comparative analysis with the potential 5′-flanking segments of human, mouse and rat Rgs4 genes showed that only the proximal region of rabbit Rgs4 promoter shares a highly conserved homology with that from the other species (Fig. 2C) .
Promoter activity of 5′-flanked region of rabbit Rgs4 in different cells
To examine the promoter activity of the cloned promoter region of rabbit Rgs4, a fragment of − 1389/+50 (the initial transcription site was defined as +1, Fig. 2B ) was cloned into pMluc3 secreted renilla luciferase vector. This fragment (designed P1) showed strong constitutive activity in rabbit smooth muscle cell (Fig. 3) . This region also showed strong activity in smooth muscle cells of other species (data not shown), as well as other cell line such as HEK293T and Hela cells (Fig. 3) . The highest promoter activity in HEK293T cells may reflect the highest transfection efficiency but also possibly the better transcription machinery. These data suggest that this cloned fragmental region of Rgs4 displays promoter activity and is shared by different species and different cell types. This observation is supported by the bioinformatics analysis showing high homology of the Rgs4 promoter region between different species (Fig. 2C) .
Identification of core promoter activity
To characterize the promoter responsive elements, deletion mutants of rabbit Rgs4 1.4 kb promoter (P1) were prepared. As shown in Fig. 4 , mutant P2 containing − 962/+50 showed stronger activity than original promoter P1 (−1389/+50), suggesting that the region between −1389/− 962 contains regulatory elements negatively modulating the promoter activity of Rgs4. Mutant P3 containing −1389/−816 had no significant effect on the basal reporter activity, implying that the proximal region − 816/+50 of the promoter P1 holds the main promoter activity and the inhibitory function of distal region − 1389/−816 depends upon the presence of the proximal ciselements. Deletion of −1389/− 247 (mutant P4) further increased the promoter activity, suggesting that the most proximal region −247/+50 holds a maximal core promoter activity and the region −1389/−247 inhibits the core promoter activity.
IL-1β up-regulates Rgs4 promoter activity
We have shown that IL-1β up-regulates Rgs4 mRNA expression in colonic smooth muscle cells (Hu et al., 2007) , and this upregulation is inhibited by a transcription inhibitor actinomycin D (Hu et al., 2008) . To further investigate whether the transcriptional mechanism is involved in IL-1β-induced up-regulation of Rgs4 expression, we examined the effect of IL-1β on the reporter activity of Rgs4 promoter. As shown in Fig. 5 , IL-1β treatment significantly increased the promoter activity of both Rgs4-P1 and Rgs4-P4 by around 50%.
Analysis of Rgs4 promoter binding sites for potential transcription factors
On-line program analysis of the 5′-flanking region of rabbit Rgs4 (−1389) identified the presence of a typical TATA box at -35, and multiple putative binding sites for various transcription factors such as NF-κB, AP-1, GATA, heat shock transcription factor (HSF), MyoD, Oct-1, etc. (Fig. 2B) .
Since NF-κB transcription factor is the major target for IL-1β signaling, which up-regulates Rgs4 mRNA expression (Hu et al., 2007; Hu et al., 2008) , we have focused our interest on studying the role of NF-κB binding sites in regulating Rgs4 promoter activity. One predicted NF-κB binding site within the cloned promoter region of Rgs4 was verified by gel shift and supper-shift assays in our previous studies (Hu et al., 2008) . To address whether this NF-κB site is functionally active in regulating the promoter activity, we performed site-directed mutagenesis studies using Rgs4 P2 promoter reporter assay. As shown in Fig. 6 , mutation of NF-κB site within P2 promoter reduced the promoter activity by 30%, suggesting that NF-κB binding site is involved positively and partially in the promoter activity of Rgs4.
In order to determine the binding activity of endogenous NF-κB factors within the cloned Rgs4 promoter under physiological condition, we performed ChIP assay using cultured colonic smooth muscle cells. As shown in Fig. 7 , the Rgs4 promoter region 1.4 kb was immunoprecipitated from the chromatin extracts by the antibody against p65 but not by the control IgG, indicating that endogenous p65 binds to Rgs4 promoter 1.4 kb. In addition, IL-1β treatment increased the endogenous NF-κB binding activity (Fig. 7) . 
Discussion
Rgs4 accelerates the GTPase activity of the Gα i/o and Gα q/11 family members and regulates the strength and duration of G-protein signaling in neurons, cardiomyocytes, smooth muscle cells and other cells. Thus, Rgs4 is implicated in psychiatric disorders, cardiovascular diseases and intestinal inflammation. However, the regulatory mechanism of Rgs4 expression remains elusive. Our previous studies demonstrate that IL-1β-induced up-regulation of Rgs4 mRNA in rabbit colonic smooth muscle cells is transcriptiondependent because inhibition of transcription blocked IL-1β-induced up-regulation of Rgs4 (Hu et al., 2008) . The transcriptional machinery involves the epigenic coordination among various transcription factors, promoters and chromatin. In the present study, we cloned and characterized for the first time the potential promoter region of rabbit Rgs4. This promoter contains a canonical TATA box, is evolutionally conserved, has highly constitutive activity and can be up-regulated by IL-1β treatment. The proximal region of rabbit Rgs4 promoter has a highest core promoter activity while the distal region holds repressive activity.
The characteristic of Rgs4 promoter has not yet been well established. Potential and alternative promoters have been described through the predictive analysis of the reported transcripts (Aceview). Only human and mouse Rgs4 promoters have been corroborated experimentally (Ding et al., 2007; Chowdari et al., 2008) . We have identified rabbit Rgs4 promoter with high promoter activity. The reasons to use rabbit as a target are two fold: (i) Rabbit shares closer gene homology and functional correlation with human in several disease models (Percy et al., 1990; Depoortere et al., 2001; WoodruffPak et al., 2007) ; (ii) we have accomplished a plenty of signal transduction and molecular studies on rabbit gastrointestinal smooth muscle cells (Murthy, 2006; Hu et al., 2007) . The identification of rabbit Rgs4 gene and regulatory mechanisms will be helpful to understand the biological relevance of Rgs4 in human diseases.
We have shown that the induction by IL-1β treatment in the mRNA expression of endogenous Rgs4 in rabbit colonic smooth muscle cells is 8-10 fold as compared with vehicle treatment (Hu et al., 2007; Hu et al., 2008) . To obtain the direct evidence for IL-1β-induced up-regulation of Rgs4, we cloned the promoter sequence into luciferase reporter vector and examine whether IL-1β increases the promoter activity. Unexpectedly, the induction of Rgs4 promoter activity by IL-1β treatment (measured at 30 min till 3 d after treatment) was marginal though statistically significant with 8 individual experiments. The weak induction in the reporter gene assay has been reported in many genes (Nie et al., 2003; Liang et al., 2007; Mungunsukh et al., 2008) . The possible interpretations for this phenomenon are given as follows: (i) IL-1β-induced up-regulation of Rgs4 mRNA level involves not only the transcriptional mechanism but also other mechanisms such as mRNA stability, which is currently under investigation; (ii) the constitutive promoter activity without IL-1β treatment is already high, which may limit further induction; and (iii) the complicate chromatin remodeling occurs to the endogenous Rgs4 transcription but not applied to the transient transfection of the reporter plasmid. To seek for the possibility of chromatin remodeling in regulating Rgs4 promoter activity, we established stable cell line incorporating Rgs4 promoter by cotransfection of hygromycin selection vector in Hela cells. Again, the induction by IL-1β remained marginal. Another possibility is that we have not yet identified the true full-length functional promoter of Rgs4, which may be much larger than the size we cloned. We tested the inducible effect of cytokines on the luciferase reporter activity of human RGS4 promoter (6.7 kb, gift from Nimgaonkar's Lab in University of Pittsburg) (Chowdari et al., 2008) . Similarly, there was only a marginal increase in human RGS4 promoter activity after IL-1β treatment. Since the distal regulatory elements are frequently dispersed in the regions far from the core promoter, even exceeding 100 kb ), we are currently making BAC reporter construct by inserting secreted renilla luciferase reporter into Rgs4 BAC vector. This BAC reporter system will reflect endogenous chromatin contexts and identify potential elements of Rgs4 promoter in response to cytokine treatment.
The cloned Rgs4 promoter contains predicted binding sites for several transcription factors such as NF-κB, AP-1, GATA, MyoD, etc. We have identified the important role of NF-κB signaling in mediating IL-1β-induced up-regulation of Rgs4 mRNA expression in rabbit colonic smooth muscle cells (Hu et al., 2008) . Here we provide additional evidence that NF-κB signaling is involved in Rgs4 transcriptional regulation. The family of NF-κB contains 5 members forming various patterns of dimmers. The best-studied heterodimer is p65/p50, which is translocated from the cytoplasm to nucleus upon cellular stimulation and bind to the consensus NF-κB sites to initiate the transcription of target genes. Our studies added Rgs4 as a new member of NF-κB target genes. Super gel shift and ChIP assay validated the binding activity of p65 within Rgs4 promoter. Sitedirected mutation of NF-κB site within rabbit Rgs4 promoter reduced the promoter activity, suggesting that NF-κB binding site is functionally active in regulating the promoter activity of Rgs4. The transcriptional machinery is regulated by various transcription factors (enhancer and repressors). The functional regulations of other transcription factors on Rgs4 promoter need further investigation. The distal region (− 1389 to − 816) of Rgs4-P1 promoter by itself did not display any promoter activity. In contrast, deletion of the distal region led to higher promoter activity of the proximal region (− 247). The proximal region comprises of an essential core TATA box and the cis-elements for GATA, NF-κB and AP-1. The distal region contains the binding site for Oct-1, MyoD and HSF. Although the outcome effects of these factors on Rgs4 promoter remain unknown, our data imply that the combined effects of these distal transcription factors may repress the transcription of Rgs4. This is supported by the fact that Oct-1 and MyoD have been shown to act as transcription suppressor in some genes (Chu et al., 1997; Schwachtgen et al., 1998; Cheng et al., 2002; Hitomi et al., 2007) .
There are 5 splice variants of human RGS4 and 3 splice variants of mouse Rgs4 experimentally validated (Ding et al., 2007) . According to ACEVIEW, human RGS4 gene produces 13 different transcripts including 11 alternatively spliced variants and 2 unspliced forms containing a single exon 5313 or 574 bp. There are 6 probable alternative promoters and 6 validated alternative polyadenylation sites. Mouse Rgs4 gene produces 2 alternatively spliced variants and 1 unspliced transcript with a single exon of 1068 bp (ACEVIEW). There is no information about rabbit Rgs4 in the GeneBank database. In the present study, only one transcript of rabbit Rgs4 in colonic smooth muscle cells was identified by Northern blot and 5′-RACE. However, the possibility of different variants for rabbit Rgs4 present in other cell types and/or tissues cannot be ruled out.
In conclusion, the present study has identified the functional promoter region of rabbit Rgs4 which contains a typical TATA box and various cis-acting elements for transcription factors. The NF-κB binding site plays an important role in mediating the constitutive and IL-1β-inducible promoter activity. Further characterization of Rgs4 promoter regulation will help understanding the molecular mechanisms and signaling pathways for Rgs4 expression and function.
